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Abstract This study aims to investigate the rela¬ 
tionship between regional connectivity in the brain 
white matter and the presence of psychotic person¬ 
ality traits, in healthy subjects with psychotic traits. 
Thirteen healthy controls were administered the 
MMPI-2, to assess psychotic traits and, according to 
MMPI results, a dichotomization into a group of 
“high-psychotic’’ and “low-psychotic” was per¬ 
formed. Diffusion tensor imaging (DTI) was used as a 
non-invasive measure, in order to obtain information 
about the fractional anisotropy (FA), an intravoxel 
index of local connectivity and, by means of a vo- 
xelwise approach, the between-group differences of 
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the FA values were calculated. The “high-psychotic” 
group showed higher FA in the left arcuate fasciculus. 
Subjects with low scores for psychotic traits had sig¬ 
nificantly higher FA in the corpus callosum, right 
arcuate fasciculus, and fronto-parietal fibers. In line 
with previous brain imaging studies of schizophrenia 
spectrum disorders, our results suggest that psychotic 
personality traits are related to altered connectivity 
and brain asymmetry. 

Key words brain connectivity • brain asymmetry • 
diffusion tensor imaging (DTI) • fractional anisotropy 
• personality assessment • psychotic personality traits • 
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Introduction 

Schizophrenic psychoses have long been claimed to 
be associated with subtle brain abnormalities, al¬ 
though no pathognomonic lesion has been definitively 
associated to the functional deficits observed in these 
patients. Several neuropsychophysiological models of 
schizophrenia describe this illness as the result of a 
dysfunctional integration among neural systems: 
more in detail, it has been postulated that schizo¬ 
phrenic psychoses arise from a defective modulation 
of associative changes in the neural systems impli¬ 
cated in emotion, memory and learning [16]. Imaging 
connections among brain areas could contribute to 
the validation of these models. 

Since the first descriptions of schizophrenia by 
Kraepelin [25] and Bleuler [6], a relationship between 
a “schizoid” personality and the development of a 
future psychosis has been proposed. According to 
Kretschmer [26], a “schizoid temperament” exists on 
a continuum, ranging from psychotic personality 
traits in otherwise healthy subjects to manifest psy- 
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chosis. Since then, most of the studies have demon¬ 
strated genetic, psychopathological, neurobiological 
associations between cluster A personality disorders 
and psychosis, resulting in the “neurodevelopmental 
hypothesis” for the so-called “schizophrenia spec¬ 
trum” [30]. Further support to this theory comes 
from epidemiological studies on the topic: categorical 
operationalized diagnostic formulations of the 
schizophrenic syndrome describe it as a nosological 
entity mostly shaped by an exclusion process, whose 
blurred diagnostic boundaries reflect the lack of an 
underlying paradigm [28]; instead, epidemiological 
surveys in the general population (for a review see 
[21]) tended to show that schizophrenia does not 
seem to be a discrete illness entity but could be better 
described as a psychopathological extreme of a 
“psychotic spectrum”, ranging from normal experi¬ 
ences and behaviours to severe psychotic symptoms. 
A recent 20-year longitudinal study [35], aimed to 
investigate the prevalence and the course of psychotic 
experiences in a large sample of healthy subjects from 
the general population, confirmed that psychotic 
phenomena are better conceived as a dimension 
which stretches from the normal/subclinical to the 
clinical level and claimed for further research to 
investigate the pathways which may lead from psy¬ 
chosis proneness to a clinical psychotic disorder. 

The neurobiological investigation of psychometri- 
cally identified psychosis-prone subjects (i.e., subjects 
with high scores on scales assessing psychotic traits or 
experiences) has confirmed the presence of psycho- 
physiological abnormalities akin to those seen in 
schizophrenia spectrum disorders [31]. 

Diffusion tensor imaging (DTI) is a magnetic res¬ 
onance imaging (MRI) technique, which evaluates the 
motion of water molecules within a biological tissue at 
the microscopic level. This principle has been applied 
to the investigation of the diffusion-driven displace¬ 
ment of the molecules of water in the human brain 
white matter, allowing to detect the preferential 
movement of water molecules within the boundaries 
of the fibers, due to their anisotropic properties (i.e., 
the amount of anisotropy correlates with the direc¬ 
tionality and the coherence of molecular mobility in 
the fiber tracts); this technique can be useful to detect 
the microstructure of different brain areas and their 
connections. 

Previous studies, investigating white matter 
abnormalities in schizophrenic subjects with DTI, 
reported white matter loss of orientation and orga¬ 
nization in specific brain areas and several disrup¬ 
tions of commissural connectivity, which mostly 
consisted of decreased values of fractional anisotropy 
(FA) in intra-hemispheric (arcuate, cingulate and 
uncinate fasciculi) and inter-hemispheric fibers (cor¬ 
pus callosum) (for a review, see [23]). There is recent 
evidence that fronto-parieto-temporal misconnection 
might be particularly important in schizophrenia [17, 
36]. Furthermore, several DTI findings converged 


towards a disruption of white matter organization in 
frontal areas in schizophrenia, although a definitive 
conclusion has not been achieved yet [23]. Recently, 
DTI techniques have been recognized as useful to 
extend disconnectionist paradigms even beyond 
schizophrenia and to neurodevelopmental, neurode- 
generative and subtle cognitive disorders [10]. 

The aim of the present study was to evaluate the 
brain connectivity patterns, investigated by means of 
a DTI technique with a voxel-based approach, in 
relationship to psychotic personality traits, in a 
sample of healthy subjects. Our working hypothesis 
was that there could be a relationship between dif¬ 
ferent brain connectivity patterns and the presence of 
psychotic personality traits, which might represent a 
sub-clinical entity within the schizophrenia spectrum. 


Materials and methods 

Experimental sample 

Thirteen volunteers (8 females and 5 males) were recruited among 
staff members and students of the Karolinska Institute of Stock¬ 
holm (Sweden). All asked subjects accepted to participate in the 
study, gave their informed consent to experimental procedures and 
were included in the final experimental sample. All subjects were 
right-handed, as assessed by the Edinburgh Inventory [33], their 
mean age was 29.7 years (SD = 4.6 years) and their mean educa¬ 
tion was 20.4 years (SD = 3.9). After a one-hour clinical interview 
with a skilled psychiatrist (U.V.), none of them resulted to have 
personal and family history of major medical diseases and none 
had Axis I or Axis II DSM-IV diagnoses. Subjects were not on 
psychotropic or any other medication and did not report alcohol or 
other substances abuse. All participants had normal structural MRI 
and gave their informed written consent to participate in the study. 
The local ethical committee approved the study procedures. 

Personality assessment 

In order to assess the psychotic personality traits, the Minnesota 
Multiphasic Personality Inventory (MMPI-2) was chosen because it 
is widely considered a reliable measure of both personality char¬ 
acteristics and clinical status [7, 9, 11, 18, 27, 38]. High scores on 
the MMPI-2 Schizophrenia (Sc), Paranoia (Pa) and Psychopathic 
Deviate (Pd) scales have been previously reported in remitted 
schizophrenic patients [37] and in non schizophrenic first-degree 
relatives of schizophrenic patients [1], suggesting that these scales 
may be indicators of vulnerability factors for schizophrenia. 

The full version of the MMPI-2 was administered to all subjects 
by the same researcher and all subjects correctly completed the test. 
Subjects’ MMPI-2 profile validity was established by means of the 
Variable Response Inconsistency Scale, with a cut-off score of ten. 
K-corrected T-scores with adult norms were used in the scoring 
procedure to allow comparison with other studies [5]. A median- 
split method was used on the MMPI-2 Sc, Pa and Pd scales to 
categorize subjects in two groups: “high-psychotic” subjects (those 
who had high standardized T-scores for psychotic traits) and “low- 
psychotic” subjects (those who had low standardized T-scores for 
psychotic traits). 

MRI/DTI recording 

All images were acquired using a 1.5 T whole body MRI system 
(Siemens Vision, Erlangen, Germany), equipped with a standard 
radio frequency head coil. Head motion was minimized within the 
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coil using a vacuum deflatable pillow and an open-cell polyure¬ 
thane foam. 

The MRI session included the acquisition of a set of 3D Tl- 
weighted (Magnetization Prepared Rapid Acquisition Gradient 
Echo, MP-RAGE) images, providing 170 sagittal slices with TR 
= 11.4 ms, TE = 4.4 ms, flip angle = 15°, thickness = 1.0 mm, 
field of view (FOV) = 256 mm x 256 mm, and matrix size = 256 
x 256. The voxel resolution was 1 mm x 1 mm x 1 mm. 

The diffusion-weighted images were acquired using a single¬ 
shot spin-echo echo-planar imaging (SE-EPI) sequence. The gra¬ 
dient amplitudes and duration have to be chosen, such that tissue 
dependent diffusion coefficients can be detected by the signal 
attenuation. In our experiment we used G = 15 mT/m, intergradi¬ 
ent time interval 25.0 ms. The diffusion sensitizing gradients were 
applied on two axes simultaneously around the 180° pulse at 
b = 1,014 s/mm 2 /axis along six noncollinear directions: 

G x , Gy, G,= [(l, 1,0), (0,1,1), (1,0,1), (—1,1,0), .(0,1, —1), (1,0,-1)]. 

The calculation and diagonalization of the diffusion tensor was 
based on the multivariate regression approach [2]. The imaging 
parameters of our single-shot spin-echo echo-planar imaging 
(SE-EPI) sequence were chosen as follows: Matrix 128 x 128, TE 
= 123 ms, FOV = 240 mm x 240 mm, slice thickness 5 mm, 12 
axial continuous slices, TR = 3 s, pixel bandwidth BW = 
1.25 kHz, standard head coil, head-neck standard shimming was 
performed. The voxel resolution was 1.875 mm x 1.875 mm x 5 
mm. Eddy-current corrections were included. Additionally, one 
image was acquired with no gradients applied (b = 0 s/mnr). 


DTI processing and analysis 

Automatic segmentation (BrainVoyager QX 1.4; Brain Innovation, 
Maastricht, Netherlands) of the 3D anatomical images (standard¬ 
ized Talairach space) for each subject yielded a white matter map. 
This map was used to mask the FA maps in order to restrict the 
statistical computation only on white matter regions. The individ¬ 
ual standardized 3D white matter maps were used to compute the 
largest possible 3D white matter-template (Fig. 1). Six independent 
elements of the diffusion tensor were extracted [2, 3]. Eigenvalues 
(magnitude) and eigenvectors (direction) were determined for each 
voxel, and the FA maps were constructed. 

Co-registration of the 2D FA maps to the 3D structural images 
was manually performed using the scanner’s slice position param¬ 
eters of the SE-EPI measurements and the T1-weighted anatomical 
measurements. The quality of this co-registration step was checked 
using spm5 (Wellcome Department of Imaging Neuroscience, 
London, England; http://www.fil.ion.ucl.ac.uk) in the following way: 
(1) we extracted the co-registered files and the raw files to analyze 
format, (2) then, by means of the spm5 software, we performed the 
co-registration step, (3) within spm5, we the used the ImCalc 
module to compute the difference between the manually co-regis- 
tered files and the spm5 co-registered files in order to statistically 



Fig. 1 DTI "masking": normalized anatomical 3D images (a) were used to 
calculate white matter map for each subject (b); then, each map was used to 
build the largest possible 3D white matter-template for the fractional 
anisotropy (FA) map (c) 


check for any differences between these files, (4) then we performed 
a one-sample t-test with these difference images and we did find no 
significant difference between manually- and mathematically co¬ 
registered procedure was found [f(94) = 1.034; P = 0.3]. 

The Talairach transformation is performed on the anatomical 
dataset and, in a subsequent step, the transformation matrix found 
on the anatomical data is applied to the FA maps. During this co¬ 
registration the voxel dimension of the FA maps was interpolated to 
1.0 mm x 1.0 mm x 1.0 mm. Visual inspection of all maps for each 
subject suggested no need for additional susceptibility artifact 
correction. Finally, the images were smoothed using a Gaussian 
filter with a FWHM of 7.5 mm. This filter size was chosen for the 
following reasons: we identified the average FA values of back¬ 
ground to be in range of 0.1. The background was defined as values 
within the gray matter and within cerebrospinal fluid (CSF) of each 
subject. The mean FA values that we identified as signal were in the 
range of 0.4 and were extracted from white matter of each subject. 
From these values we estimated that our signal is approximately 
four times the background (SNR « 4). Therefore we used a 
Gaussian Kernel with FWHM of 7.5 mm, which are four times the 
voxel dimensions of the raw data [22]. 

In the definition of our SNR we assume that the noise within the 
white matter can be expressed by the FA values of the gray matter 
and especially of CSF, i.e., in a region of low diffusivity (gray 
matter), and in region with long T1 and long T2 (CSF). Further¬ 
more, we assume that the noise extracted within these regions has 
the characteristics of “white noise”. 

Comparisons of FA maps were subsequently computed on a 
voxel-by-voxel basis, by means of homemade scripts, written in 
Matlab (ver. 6.5, r. 13, Mathworks Inc., 2002), since this option was 
not present within Brainvoyager QX. 

In order to evaluate differences between FA values of the “Low- 
psychotic” and the “High-psychotic” group, a general linear model 
(GLM) analysis was computed for each voxel within the 3D white 
matter template. To identify the most significant regions, “clusters” 
were defined as 60 or more neighboring voxels (60 mm 3 ) exceeding 
the statistical value of 2.178 (P < .05). Clusters were assigned to the 
underlying white matter using 3D anatomical data. 

Since the sex distribution in the two subgroups was not per¬ 
fectly balanced, in order to exclude that the differences in regional 
FA were due to a sex effect, we also performed two linear regression 


Table 1 Demographic and MMPI-2 characteristics 


Sex 

Edu 

(years) 

Age 

(years) 

T- scores 



Group 


PA 

PD 

SCF 


Lvalue 

2.11 

0.32 

0.10 

1.63 

1.32 

2.24 


P-value 

0.06 

0.76 

0.92 

0.13 

0.21 

0.05 


F 

18 

26 

44 

36 

31 

Low 

F 

18 

29 

46 

54 

31 

Low 

F 

23 

31 

40 

51 

30 

Low 

F 

18 

26 

43 

39 

34 

Low 

F 

18 

26 

46 

51 

30 

Low 

M 

23 

39 

32 

55 

30 

Low 

F 

18 

30 

49 

59 

30 

Low 

M 

19 

27 

45 

69 

30 

High 

M 

19 

28 

49 

44 

46 

High 

F 

18 

30 

51 

51 

50 

High 

M 

22 

31 

53 

55 

58 

High 

M 

23 

38 

39 

55 

30 

High 

F 

18 

25 

49 

59 

32 

High 


Edu educational level, T-scores MMPI-2 standardized scores, PA paranoia sub¬ 
scale, PD psychopathic deviate subscale, SCF schizophrenia subscale; each 
individual, based on the median split method, has been categorized as 
belonging either to the group with high scores for psychotic traits or to the 
group with low scores for psychotic traits 
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Table 2 Clusters of significant DTI and MMPI-2 correlation 


# Voxel 

within 

cluster 

Talairach coordinates 
at center of gravity 
(mean) 

Fractional anisotropy 
(mean ± standard deviation) 




Statistics 

Cerebral 

lobe 

Hemi¬ 

sphere 

Reduced GLM 

Full GLM 


X 

y 

z 

Low 

(males) 

Low 

(females) 

High 

(males) 

High 

(females) 

z-value 

P-value 

Explained 

variance 

P-value 

Explained 

variance 

P-value 

25 

-37.0 

27.5 

14.7 

0.2 

0.19 

± 

0.06 

0.28 

± 0.02 

0.29 

± 

0.03 

3.7228 

0.0029 

Frontal 

L 

0.59 

0.0021 

0.62 

0.0246 

75 

-27.6 

5.6 

34.2 

0.24 

0.31 

± 

0.10 

0.52 

± 0.05 

0.47 

± 

0.07 

4.4819 

0.0007 

Frontal 

L 

0.65 

0.0008 

0.66 

0.0161 

521 

-31.9 

-17.2 

25.1 

0.32 

0.38 

± 

0.12 

0.67 

± 0.04 

0.55 

± 

0.06 

4.3193 

0.001 

Frontal 

L 

0.63 

0.0011 

0.66 

0.0169 

409 

-16.5 

7.5 

28.7 

0.6 

0.48 

± 

0.07 

0.70 

± 0.10 

0.77 

± 

0.09 

4.6019 

0.0006 

Frontal 

L 

0.7 

0.0003 

0.77 

0.0027 

148 

-25.2 

0.1 

38.9 

0.43 

0.46 

± 

0.11 

0.19 

± 0.13 

0.18 

± 

0.14 

4.1958 

0.0012 

Frontal 

L 

0.64 

0.0009 

0.64 

0.02 

169 

-30.5 

21.5 

12.4 

0.23 

0.33 

± 

0.08 

0.50 

± 0.06 

0.51 

± 

0.05 

4.8688 

0.0004 

Limbic 

L 

0.69 

0.0003 

0.74 

0.0046 

610 

-29.9 

1.6 

19.7 

0.44 

0.32 

± 

0.08 

0.59 

± 0.02 

0.57 

± 

0.06 

5.7609 

0.0001 

Limbic 

L 

0.78 

0.0001 

0.81 

0.0011 

465 

-40.0 

-40.6 

-6.2 

0.33 

0.37 

± 

0.11 

0.69 

± 0.08 

0.53 

± 

0.11 

3.7312 

0.0029 

Limbic 

L 

0.59 

0.0021 

0.7 

0.0092 

262 

-18.9 

6.1 

-4.2 

0.3 

0.42 

± 

0.09 

0.77 

± 0.15 

0.59 

± 

0.05 

3.6395 

0.0034 

Limbic 

L 

0.61 

0.0014 

0.64 

0.0195 

799 

-22.1 

-25.5 

15.5 

0.58 

0.48 

± 

0.13 

0.83 

± 0.03 

0.77 

± 

0.05 

5.0477 

0.0003 

Limbic 

L 

0.74 

0.0001 

0.78 

0.0025 

251 

-2.3 

-14.5 

-7.0 

0.64 

0.58 

± 

0.12 

0.35 

± 0.15 

0.37 

± 

0.12 

3.3631 

0.0056 

Limbic 

L 

0.49 

0.0068 

0.5 

0.0849 

2,732 

-8.0 

-6.1 

29.9 

0.83 

0.69 

± 

0.04 

0.40 

± 0.16 

0.39 

± 

0.20 

3.6085 

0.0036 

Limbic 

L 

0.67 

0.0005 

0.69 

0.0112 

230 

-33.7 

-59.4 

9.2 

0.28 

0.26 

± 

0.06 

0.48 

± 0.09 

0.45 

± 

0.14 

3.5219 

0.0042 

Occipital 

L 

0.63 

0.0011 

0.64 

0.0214 

44 

-30.9 

-65.6 

7.8 

0.3 

0.29 

± 

0.09 

0.47 

± 0.07 

0.47 

± 

0.14 

3.3928 

0.0053 

Occipital 

L 

0.59 

0.0021 

0.65 

0.0179 

93 

-5.1 

-83.1 

7.2 

0.55 

0.45 

± 

0.15 

0.19 

± 0.14 

0.16 

± 

0.16 

3.6289 

0.0035 

Occipital 

L 

0.55 

0.0036 

0.56 

0.0479 

43 

-32.9 

-28.4 

39.2 

0.41 

0.35 

± 

0.17 

0.13 

± 0.11 

0.11 

± 

0.10 

3.1779 

0.008 

Parietal 

L 

0.47 

0.0087 

0.5 

0.0827 

516 

-9.9 

-47.1 

23.8 

0.56 

0.66 

± 

0.10 

0.31 

± 0.06 

0.44 

± 

0.06 

5.0534 

0.0003 

Parietal 

L 

0.7 

0.0003 

0.82 

0.001 

69 

-37.1 

-57.5 

19.3 

0.24 

0.22 

± 

0.10 

0.39 

± 0.09 

0.37 

± 

0.10 

3.2743 

0.0067 

Temporal 

L 

0.5 

0.0065 

0.59 

0.0367 

167 

-43.2 

-20.2 

-2.8 

0.32 

0.36 

± 

0.04 

0.20 

± 0.05 

0.24 

± 

0.04 

4.7377 

0.0005 

Temporal 

L 

0.70 

0.0003 

0.76 

0.0034 

541 

52.8 

-26.1 

6.7 

0.38 

0.40 

± 

0.06 

0.25 

± 0.04 

0.19 

± 

0.03 

6.2689 

0.00001 

Temporal 

L 

0.79 

0.0001 

0.82 

0.0008 

32 

44.4 

-9.0 

-17.4 

0.42 

0.44 

± 

0.10 

0.23 

± 0.04 

0.34 

± 

0.06 

3.2174 

0.0074 

Temporal 

L 

0.48 

0.0078 

0.62 

0.0249 

57 

25.9 

30.7 

0.2 

0.36 

0.45 

± 

0.08 

0.63 

± 0.05 

0.57 

± 

0.03 

4.2272 

0.0012 

Frontal 

R 

0.62 

0.0012 

0.65 

0.0191 

37 

11.2 

25.8 

-8.8 

0.36 

0.36 

± 

0.12 

0.55 

± 0.09 

0.66 

± 

0.17 

3.4431 

0.0049 

Frontal 

R 

0.55 

0.0034 

0.6 

0.0339 

3,006 

11.0 

-0.2 

21.8 

0.41 

0.37 

± 

0.09 

0.72 

± 0.03 

0.67 

± 

0.08 

7.4978 

0.00001 

Frontal 

R 

0.84 

0.0001 

0.86 

0.0003 

44 

46.0 

18.6 

15.2 

0.3 

0.32 

± 

0.07 

0.19 

± 0.02 

0.20 

± 

0.06 

3.9634 

0.0019 

Frontal 

R 

0.55 

0.0036 

0.55 

0.0537 

152 

54.5 

-16.8 

21.3 

0.4 

0.33 

± 

0.03 

0.20 

± 0.04 

0.17 

± 

0.08 

4.8403 

0.0004 

Frontal 

R 

0.74 

0.0001 

0.79 

0.0019 

72 

40.8 

-8.0 

36.9 

0.49 

0.37 

± 

0.13 

0.18 

± 0.04 

0.20 

± 

0.09 

3.4487 

0.0048 

Frontal 

R 

0.52 

0.0049 

0.53 

0.0639 

114 

24.7 

43.6 

3.1 

0.51 

0.43 

± 

0.08 

0.27 

± 0.06 

0.20 

± 

0.17 

3.2412 

0.0071 

Frontal 

R 

0.55 

0.0036 

0.59 

0.0346 

77 

25.9 

26.3 

15.2 

0.59 

0.56 

± 

0.09 

0.40 

± 0.02 

0.42 

± 

0.03 

3.92 

0.002 

Frontal 

R 

0.63 

0.001 

0.66 

0.0157 

667 

33.8 

3.7 

22.8 

0.67 

0.64 

± 

0.04 

0.37 

± 0.05 

0.36 

± 

0.11 

5.5607 

0.0001 

Frontal 

R 

0.86 

0.0001 

0.87 

0.0002 

283 

31.6 

-10.3 

29.3 

0.8 

0.65 

± 

0.14 

0.39 

± 0.15 

0.45 

± 

0.09 

3.5661 

0.0039 

Frontal 

R 

0.53 

0.0042 

0.55 

0.0523 

348 

37.0 

20.0 

21.1 

0.59 

0.48 

± 

0.06 

0.29 

± 0.07 

0.31 

± 

0.11 

4.2341 

0.0012 

Frontal 

R 

0.67 

0.0006 

0.71 

0.0083 

44 

35.6 

9.8 

34.2 

0.41 

0.55 

± 

0.11 

0.33 

± 0.06 

0.27 

± 

0.16 

3.5652 

0.0039 

Frontal 

R 

0.7 

0.0003 

0.71 

0.0082 

47 

17.0 

-0.5 

3.8 

0.5 

0.52 

± 

0.14 

0.76 

± 0.16 

0.78 

± 

0.14 

3.4765 

0.0046 

Limbic 

R 

0.54 

0.004 

0.57 

0.0444 

1,917 

31.5 

-8.3 

-4.2 

0.61 

0.53 

± 

0.10 

0.30 

± 0.05 

0.29 

± 

0.08 

5.1898 

0.0002 

Limbic 

R 

0.72 

0.0002 

0.76 

0.0032 

86 

39.3 

-4.7 

21.6 

0.5 

0.57 

± 

0.11 

0.31 

± 0.04 

0.39 

± 

0.06 

4.0923 

0.0015 

Limbic 

R 

0.6 

0.0016 

0.7 

0.0087 

74 

6.8 

-77.0 

11.1 

0.29 

0.26 

± 

0.07 

0.43 

± 0.10 

0.42 

± 

0.08 

3.6297 

0.0035 

Occipital 

R 

0.58 

0.0023 

0.59 

0.0378 

497 

12.0 

-66.3 

0.4 

0.45 

0.30 

± 

0.09 

0.53 

± 0.05 

0.50 

± 

0.11 

3.886 

0.0022 

Occipital 

R 

0.58 

0.0024 

0.68 

0.0116 

101 

14.3 

-80.5 

-7.1 

0.34 

0.35 

± 

0.11 

0.54 

± 0.02 

0.52 

± 

0.08 

4.0146 

0.0017 

Occipital 

R 

0.60 

0.0016 

0.61 

0.0287 

27 

26.2 

-76.7 

-7.9 

0.34 

0.39 

± 

0.09 

0.20 

± 0.10 

0.27 

± 

0.05 

3.2544 

0.0069 

Occipital 

R 

0.50 

0.0068 

0.57 

0.0454 

251 

46.7 

-53.4 

-5.5 

0.29 

0.40 

± 

0.13 

0.21 

± 0.10 

0.17 

± 

0.09 

3.3234 

0.0061 

Occipital 

R 

0.52 

0.0048 

0.53 

0.0622 

231 

39.1 

-63.7 

5.2 

0.43 

0.39 

± 

0.12 

0.20 

± 0.13 

0.18 

± 

0.10 

3.3986 

0.0053 

Occipital 

R 

0.52 

0.0052 

0.55 

0.0542 

146 

23.1 

-32.5 

-7.0 

0.24 

0.43 

± 

0.15 

0.62 

± 0.04 

0.78 

± 

0.15 

3.6938 

0.0031 

Parietal 

R 

0.55 

0.0033 

0.69 

0.0112 

71 

17.3 

-66.2 

35.5 

0.41 

0.36 

± 

0.11 

0.19 

± 0.02 

0.17 

± 

0.10 

3.9213 

0.002 

Parietal 

R 

0.58 

0.0022 

0.62 

0.0271 

90 

30.1 

-69.1 

17.2 

0.24 

0.47 

± 

0.12 

0.26 

± 0.05 

0.21 

± 

0.09 

3.2518 

0.0069 

Parietal 

R 

0.49 

0.007 

0.55 

0.0542 

32 

29.4 

-15.7 

38.1 

0.68 

0.60 

± 

0.20 

0.37 

± 0.13 

0.27 

± 

0.15 

3.2125 

0.0075 

Parietal 

R 

0.48 

0.0083 

0.54 

0.0602 

44 

26.5 

-36.7 

34.6 

0.58 

0.63 

± 

0.07 

0.41 

± 0.10 

0.41 

± 

0.09 

4.486 

0.0007 

Parietal 

R 

0.54 

0.0041 

0.56 

0.0491 

1,070 

42.0 

-18.2 

29.2 

0.48 

0.53 

± 

0.10 

0.29 

± 0.04 

0.27 

± 

0.09 

5.2197 

0.0002 

Parietal 

R 

0.72 

0.0002 

0.72 

0.0068 

127 

16.7 

-17.2 

9.7 

0.73 

0.54 

± 

0.11 

0.81 

± 0.04 

0.81 

± 

0.11 

4.1008 

0.0015 

Temporal 

R 

0.61 

0.0014 

0.66 

0.0151 

330 

30.6 

-25.2 

-14.5 

0.36 

0.47 

± 

0.19 

0.76 

± 0.09 

0.69 

± 

0.10 

3.238 

0.0071 

Temporal 

R 

0.49 

0.0074 

0.53 

0.0646 

1,083 

43.9 

-35.4 

-7.5 

0.68 

0.59 

± 

0.10 

0.35 

± 0.01 

0.33 

± 

0.05 

5.2646 

0.0002 

Temporal 

R 

0.77 

0.0001 

0.79 

0.0017 


Table containing each cluster with FA values, Talairach coordinates of the centers of gravity, separated for male and female subjects and for group with high and low 
scores for psychotic traits and including the z- and P-value of the GLM statistics for group comparison. Furthermore, the table contains for each cluster the results of 
the linear regression analysis with two models: (a) reduced GLM (here we assumed that MMPI-2 Sc, Pa and Pd scales values were the only predictors for FA response) 
and (b) full GLM (here we assumed that the FA may not only be predicted by MMPI-2 Sc, Pa and Pd scales, but also by sex and age). The explained variances of these 
GLM models are expressed by the adjusted R -square 


analyses within the framework of GLM. Two models were con¬ 
structed: in the first model, we assumed that MMPI-2 Sc, Pa and Pd 
scales values were the only predictors for FA response (Reduced 
GLM model); in the second model, we assumed that the FA may not 


only be predicted by MMPI-2 Sc, Pa and Pd scales, but also by sex 
and age (Full GLM model). The explained variances of these GLM 
models were expressed by the adjusted R-Square values. Finally, to 
test the goodness of fit between these two models we used an F-test 
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with the sum of the square of the residuals of the reduced (Rss 
reduced ) and full GLM (Rss full), with the following parameters (P 
reduced = 3; q full = 5; n = 13): 


F — [(-RsSreduced RSS fall) (^ full -^reduced) ] 

X [#SSf u n(n full) ] 
r q-p,n-q‘ 

Thus we reject the hypothesis that the reduced model is correct if 

P>F^-p,n-p- 

Finally, in order to control for Type I errors, a correction for 
multiple comparison was performed using the method of cluster- 
size thresholding (implemented in BrainVoyager QX), which has 
been described in detail elsewhere [15]. 


Results 

The demographic and personality characteristics of 
the sample are listed in Table 1. ANOVA did not re¬ 


veal significant differences as for age and educational 
level between the two subgroups (F 9j3 = 1.0; 
P < 0.44). Mean scores for all considered MMPI2 
subscale were higher for the high-psychotic group vs. 
the low-psychotic group (PA = 47.67 vs. 42.86; PD 
= 55.50 vs. 49.29; SCF = 41.00 vs. 30.86; respectively); 
however, only the t-scores for SCF were marginal 
different [f(ll) = 2.237; P = 0.047]. 

The results of the voxel-based GLM analysis of FA 
values within the white matter revealed statistically 
significant differences between the low-psychotic and 
the high-psychotic group in 51 white matter clusters, 
as depicted in Fig. 2. The FA values of these signifi¬ 
cant clusters are summarized on Table 2. In order to 
characterize the white matter fibers anatomy, a com¬ 
parison with anatomy atlases and DTI/MRI anatom¬ 
ical images [29] was done; in Fig. 3, all relevant brain 


Fig. 2 Voxel-based statistical mapping 
of significant differences [P < 0.05, 
corrected) of FA between subjects with 
high ( High-P ) and low ( Low-P ) scores 
for psychotic personality traits; sagittal 
slices are presented from right to left 
(first slice, X = 50; last slice, X = -50). 
Color scale represents values of Z scores 
(j red coded scale = high psychotic 
personality traits FA > low psychotic 
personality FA; blue coded scale = low 
psychotic personality traits FA > high 
psychotic personality traits FA); coronal 
and axial projection of the location of 
sagittal slices are also shown 
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Fig. 3 Schematic representation of major associative white matter fibers in the 
brain (red = corpus callosum; pink = arcuate faciculus; blue = uncinate 
fasciculus; green = longitudinal fronto-temporal bundles) 

associative tracts are schematically depicted. In 23 
clusters within the white matter the FA values were 
higher for the high-psychotic group as compared to 
the low-psychotic group, and those clusters corre¬ 
sponded to the fibers belonging to the left arcuate 
fasciculus. In 28 clusters within the white matter 
(including fibers of the right arcuate fasciculus, 
fronto-parieto-temporal fibers and corpus callosum), 
the FA values were higher for the low-psychotic group 
as compared to the high-psychotic group. 

The subsequent reduced GLM assuming that only 
the MMPI-2 Sc, Pa and Pd scales ratings are predic¬ 
tors of FA values revealed significant effects in all 51 
clusters. The averaged amount of variance explained 
by this model within all clusters was 0.61 ± 0.09. The 
full GLM assuming FA values being predicted by 
MMPI-2 Sc, Pa and Pd scales values, and by sex and 
age, revealed significant effects in all clusters. The 


averaged amount of variance explained by the full 
model within all clusters was 0.66 ± 0.09; it is only 
4.2% higher with respect to that of the reduced model. 
The reduced and full GLM were tested using the sum 
of the square of residuals of the two GLMs by F-test. 
None of the 51 regions of interest showed significant 
differences between the two models. 

A distribution of the FA values for each of the 51 
significant clusters separated for male and female and 
for the high-psychotic and low-psychotic groups are 
displayed on Fig. 4 (these FA values are extracted 
from Table 2). This distribution shows that the FA 
values of males and females in all significant clusters 
are indistinguishable, providing further evidence, that 
the sex effect is not a factor of significant influence. 


Discussion 

According to our findings, subjects with high scores 
for psychotic personality traits significantly differ 
from those with low scores in brain connectivity 
patterns: in fact, the former group, as compared to the 
latter one, showed lower inter-hemispheric and right 
fronto-temporal anatomical connectivity, as well as 
higher FA values in the left arcuate fasciculus. 

In the last decades, many neuropsychological 
models of schizophrenia spectrum disorders pro¬ 
posed that they should be regarded mainly as “mis- 
connection syndromes”. This hypothesis considers 
psychotic symptoms as the result of a failure of 
functional integration within the brain. Indeed, brain 
imaging studies, focusing on brain connectivity in 
schizophrenia, reported reduced white matter integ¬ 
rity in various brain regions [8]. Our finding of re¬ 
duced callosal FA in the high versus the low psychotic 


Fig. 4 Distribution of global FA values 
for males and females for all observed 
51 significant clusters (the FA values 
are extracted from Table 2). First group 
of four columns represent clusters with 
significantly higher FA values in the 
group with high scores, as compared to 
those of the low scores for psychotic 
personality traits. Second group of four 
columns represent cluster with 
significantly higher FA values in the 
group with low scores, as compared to 
those with high scores, for psychotic 
personality traits. No significant 
difference in FA values between male 
[black) and female (light gray) subjects 
was found 
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group is in line with the results of other brain imaging 
studies which reported an inter-hemispheric mis- 
connection (for a review, see [8]), the disruption of 
corpus callosum microstructure and the worsening of 
the efficiency of inter-hemispheric processing in 
schizophrenia [12, 24]. In the same vein, Downhill 
et al. [13] in a recent MRI study reported a psychosis- 
correlated decrease in callosal bundle, which had the 
largest size in healthy controls, smaller in schizotypal 
patients and smallest in schizophrenics. 

We also found a different pattern of hemispheric 
asymmetry in the two subgroups: subjects with higher 
psychotic scores had higher FA values in the left and 
lower FA values in the right arcuate fasciculus, as 
compared to subjects with low scores. A recent DTI 
study [32], investigating structural connectivity pat¬ 
terns in subjects with schizotypal personality disor¬ 
der, found a significant reduction of FA and mean 
diffusivity in the uncinate fasciculus; the FA decrease 
in the right hemisphere was significantly correlated 
with clinical symptoms, whereas the same abnor¬ 
mality in the left hemisphere was correlated with 
measures of cognitive functioning. 

Abnormalities in brain hemispheric asymmetries 
in schizophrenia were repeatedly reported by neuro¬ 
psychological, neurophysiological and brain imaging 
studies [19]. Recent DTI findings confirmed the 
presence of hemisphere asymmetry abnormalities in 
schizophrenia, mainly involving frontal and temporal 
lobes: Hubl et al. [20] recently reported higher FA 
values in the left arcuate fasciculus, in hallucinating 
schizophrenic patients with respect to both healthy 
controls and schizophrenic non-hallucinating pa¬ 
tients; a recent report by the same group also high¬ 
lighted that asymmetrical cerebral connectivity 
abnormalities are present since the first psychotic 
episode [14]. Park et al. [34], in a recent DTI study, 
described an attenuated cerebral asymmetry (right > 
left) pattern in corpus callosum, cingulate, uncinate 
and superior longitudinal fasciculi, in subjects with 
schizophrenia, when compared to healthy controls. 
These findings are in line with our results and further 
support the hypothesis that differences in brain 
asymmetry pattern relevant to psychotic features of 
schizophrenia spectrum. 

Psychopathologists have long struggled to differ¬ 
entiate psychotic personality traits from “true” men¬ 
tal illnesses, on the ground that only in the formers 
the mental state remains normal; however, recent 
phenomenological and neurobiological models of 
psychoses tend to accommodate psychiatric disor¬ 
ders, personality disorders and psychotic personality 
traits in otherwise normal subjects within a single 
explanatory framework, accounting for genetic, neu- 
rodevelopmental and cognitive risk factors [4]. Our 
data seem to provide further confirmation to such a 
model, since we found, in a sample of healthy sub¬ 
jects, an abnormal connectivity pattern, which was 
already reported in schizophrenic samples. 


The low number of subjects included in the study 
and the unbalanced sex ratio between the two sub¬ 
groups could limit the interpretation of our data, 
although two different statistical analyses excluded a 
significant impact of such variables on the reported 
connectivity differences. Moreover, the locations of 
differences in FA values between groups are subject 
to great variation, also depending on the size of the 
applied Gaussian smoothing kernel. However, in 
Fig. 2, we show the cluster of significant differences 
of FA values in both groups as well as the regions 
that presumably belong to tracts of similar direction. 
In fact, the t-value threshold scale in this Fig. 2 is 
ranging from ±0.3 to ±3.0. If our results were rep¬ 
resenting arbitrary locations, depending on the used 
filter size, we would expect to find (1) significant 
spots randomly spread over the whole brain region 
and (2) spots representing group differences of FA 
values random in its sign. However, we were not able 
not cover the whole brain with our measurement. In 
fact, the FA space did only include the talairach 
space [-31 < z < 46]. We expected to find the 
majority of putative differences within this brain 
space, a brain space which in its size was similar to 
the one used in a previously published DTI study by 
our group [20]. In spite of the above possible 
shortcomings, the use of DTI allowed us to detect 
brain connectivity abnormalities in subjects with 
psychotic traits, which may be relevant to further 
understanding of the vulnerability to endogenous 
psychoses in humans. 


Conclusions 

We observed that the presence of psychotic per¬ 
sonality traits was correlated to brain connectivity 
abnormalities in the absence of any overt psychotic 
manifestation. More in detail, subjects with psy¬ 
chotic traits showed an impaired fronto-temporal 
connectivity and also a different inter-hemispheric 
connectivity pattern, as compared to subjects with 
low scores. This evidence may be relevant for the 
comprehension of the brain structural and func¬ 
tional abnormalities in schizophrenia spectrum 
disorders. 
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